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1. Introduction












sian Guidelines, the volume of logging residues can 
be	calculated	by	the	formula	(Guidelines	1985):
 100
V NQ ×=   (1)
Where:
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Abstract
Line intersect sampling (LIS) is a method used for quantifying forest residues after logging 
operations. In conventional LIS theory, forest residues are considered as separate pieces of 
cylindrical shape, they occur horizontally, and are randomly orientated and randomly distrib-
uted. In the case of cut-to-length (CTL) logging operation, forest residues represent separate 
clusters, consisting of pieces of branches, twigs, tips, etc. So the application of the conven-
tional LIS theory for quantifying forest residues after CTL logging is difficult. The purpose of 
the article was to assess the accuracy of the modified LIS method for quantifying forest residues 
after CTL logging. The studies were conducted by computer simulations. In the models, the 
forest residues are represented as clusters in the form of circles. The laws of distribution of the 
radius of the clusters and their position in the plot were determined by field measurements. In 
the simulations, 4 types of clusters were considered:
Þ type 1 – clusters uniformly distributed within the entire cutting area (Fig. 7)
Þ  type 2 – clusters uniformly distributed along the X-axis and five stripes on the Y-axis 
(Fig. 8)
Þ  type 3 – clusters uniformly distributed along the X-axis and three stripes on the Y-axis 
(Fig. 9)
Þ  type 4 – clusters uniformly distributed along the X-axis and one stripes on the Y-axis 
(Fig. 10) 
It was determined through simulation that the formula of the modified LIS method estimated 
appropriately forest residues after CTL logging. According to the results of simulation ex-
periments, it was found that when the location of the lines of sample are across the area of Fig. 
7, 8 (across the stripes with clusters), the results are in good agreement with the theoretical 
formulas. Differences are within error of 20%.
Key words: Line intersect sampling (LIS), cut-to-length logging (CTL), simulation model, 
logging residues, clusters of logging residues, sample line
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The	norm	of	wood	waste	generation	N	depends	on	
the	technology	of	logging	operations	and	growing	con-



























aerial and satellite images.

















































Fig. 1 Methods of estimation of logging residues
Fig. 2 A graphical explanation of the LIS method (1 – sample line, 
2 – intersected log)
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Þ  briefly	 describes	 the	 field-sampling	 require-
ments	for	LIS.
2. Theoretical Approach
















  =   (3)
Where:




Fig. 4 Scheme of clusters on the cutting area (1 – sample line, 2 
– clusters of logging residues)
Fig. 3 The clusters after CTL logging (author’s photo)
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≈ =   (5)
The	probability	that	the	sample	line	will	intersect	
the cluster of radius R,	will	be	equal	to:









The coordinates of the centers of the clusters xi, yi 
are	defined	as	a	uniform	distribution	on	the	interval	
[0,	L]	[0,	H].	Then	the	probability	that	the	sample	line	
with	the	length	l > 2R	on	an	area	of	the	size	L × H	will	
intersect	the	cluster	with	the	radius	R,	will	be	equal	to	
(Karpachev	and	Scherbakov	2013).
























≈ = × ×
















Þ  the coordinates of the cluster centers xi,yi on the 
cutting	area	are	defined	according	to	a	uniform	
distribution	law










of coordinates of the cluster centers xi, yi on the 
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 X = Xij  (12)
Þ		each	cluster	was	defined	as	a	circle	with	center	
Ci(xi, yi)	and	variable	radius	Ri
Þ  event of intersection of the jth	sample	line	with	
the ith	cluster	was	determined	as	(Fig.	4):
 (xi + Ri) ³ Xij ³ (xi + Ri) (13)




















Þ  the radii Ri	of	clusters	was	generated	according	
to	the	normal	distribution	law.
The	coordinates	of	the	cluster’s	center	xi, yi	were	















Þ		coordinates	of	 the	sample	 line	on	 the	cutting	
area Xj, Yj	=	0.
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Fig. 6 Structural diagram of a simulation model
Fig. 5 Location scheme of cluster stripes on the cutting area (1 – 
sample line, 2 – clusters, a – harvester movement technology cor-
ridor, b – technology stripes of clusters)




Mean 51.45 53.90 3.11
Variance 867.56 740.05 2.96
Standard deviation 29.45 27.20 1.72
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Þ  for 2nd	type	of	clusters	–	along	the	Y-axis (case 2, 
Table	4)	and	along	the	X-axis	(case	3,	Table	4)
Þ  for 3th	type	of	clusters	–	along	the	X-axis (case 4, 
Table	5)





Table 2 Example of statistical characteristics of the clusters (Fig. 8)
Statistical characteristic
Value
Strip 1 Strip 2 Strip 3 Strip 4 Strip 5 R
x1 y1 x2 y2 x3 y3 x4 y4 x5 y5
Mean 52.27 7.43 49.03 27.46 49.73 47.71 49.07 67.44 51.58 87.47 2.95
Variance 1032.42 2.45 749.38 2.11 814.22 2.13 799.88 2.03 913.34 1.71 3.46
Standard deviation 32.13 1.57 27.37 1.45 28.53 1.46 28.28 1.43 30.22 1.31 1.86
Fig. 7 An example of generation of 90 clusters with the uniform 
distribution (one sample line and its coordinates are demonstrated)
Fig. 8 An example of generation of 90 clusters within five stripes
Fig. 9 An example of generation of 50 clusters within three stripes
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Fig. 11 Program’s interface for estimation of clusters by LIS methodFig. 10 An example of generation of 10 clusters within one stripe















10 150 188 8 0.48 0.672 20
50 30 29 43 2.633 1.449 12.22
90 16 16 95 5.75 2.352 –6.48
130 11 7 139 8.363 2.377 –7.22
170 8 13 138 11 4.14 –7.84















10 150 126 12 0.733 0.84 –22.22
50 30 24 48 2.9 1.47 3.33
90 16 6 84 5.062 1.34 6.25
130 11 11 137 8.272 2.831 –6.06
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Table 5 Example of results of LIS simulation (case 3)













10 150 121 12 0.733 0.824 –22.22
50 30 124 46 2.8 3.188 6.66
90 16 83 84 5.062 4.711 6.25
130 11 96 148 8.909 8.938 –14.21
170 8 68 241 14.5 12.247 –42.15
Table 6 Example of the results of LIS simulation (case 4)













10 150 586 7 0.433 1.07 27.77
50 30 220 41 2.466 3.739 17.77
90 16 164 105 6.312 8.268 –16.89
130 11 346 80 4.818 4.818 38.22
170 8 250 202 12.125 19.577 –18.87
Table 7 Example of results of LIS simulation (case 5)













10 150 883 8 0.493 1.496 17.77
50 30 532 81 4.866 11.458 –62.22
90 16 816 101 6.062 17.68 –12.268
130 11 476 287 17.272 38.471 –121.44
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Fig. 12 Dependence of the required number of sample lines on the 
number of clusters
Fig. 14 Dependence of the required number of sample lines on the 
mean number of intersections of clusters with sample line
Fig. 13 Dependence of the required number of sample lines on the 
number of clusters for different types of clusters
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Estimation	of	the	number	of	clusters	should	be	












due to the fact that, in this case, the estimation is only 











































orientation	bias.	 Forest	Ecology	 and	Management	 84(1):	
23–28.








































OY 90 16 20 88 5.315 2.453 1.574
OX 90 16 823 92 5.522 16.168 –2.259
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